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, $\pi_{1}(X, x)/\pi_{1}(X, x)’$ , $H_{1}(X)$ .
, 10 , Hawa\"uan earing $H=\{(x, y)$ :




. C\’ech $\mathbb{Z}^{N}$ , $\pi_{1}(H,\circ)$





$\pi_{1}(H, \circ)$ $Z^{N}$ . $H$
.
$H_{1}(H)$
$G$ , $F$ $h;Farrow G$ $G^{t}=$
$h(F’)$ 2 $F_{2}$ $G’=<h(F_{2}’)$ : $h\in$
$H\circ m(F_{2}, G)>$ . , $<X>$ $X$ $G$ .
. support support
. 1 Specker . ([$| )
1 (E. SPECKER). $Hom(Z^{N}, Z)$ $Pn(n\in \mathbb{N})$
.
, $Z^{N}$ $Z$ reflexive .
. $\oplus_{N}Z$ $Z^{N}$ ,
$\oplus_{I}Z$ Z$x=$ { $x\in Z^{I}$ : $\{i:x(i)\neq 0\}$ } ,
Hawa\"uan earring $E$ Hawa\"uan earring $H_{I}$





$\pi_{1}(H,0)$ H. B. Griffiths [5]
([6] )
$\cap*Z*\lim_{arrow}(*n\leq h<;Z_{k},p_{:j}^{n} : n\leq i\leq j\in N)$ ,
$n\epsilon N$
$p_{:}^{n_{j}}$ $:*_{n\leq h<:}Z_{h}arrow*_{n\leq k<;Z_{h}}$ . Hawai-
ian earring $H_{I}$ .
. Q .
[1] free \mbox{\boldmath $\sigma$}-product . $T_{1}(H, 0)$
$x_{N}\mathbb{Z},$ $\pi_{1}(H_{I},0)$ $<Z$ . \mbox{\boldmath $\sigma$}-
$G^{\sigma’}$ \mbox{\boldmath $\sigma$}- $Ab^{\sigma}(G)$ .
$C_{\sigma}$ $x_{N}Z=\pi_{1}(H, 0)$ component $0$








. Ab’ \mbox{\boldmath $\sigma$}
. cotorsion-free torsion-free
$Q$ \gamma $J_{p}$ . cotorsion-free
. Torsion $0$
. Ab $\pi_{1}(X,\iota)$





$C(\Delta_{n},X)$ $\Delta_{n}$ $X$ $C_{n}$ $C(\Delta_{n},X)$





. $\theta_{n}$ . $Z_{n}(X)=Ker(\partial_{n})$ ,
104




3[4]. ANR- $X$ $B_{n}(X)$ , $H_{n}^{T}(X)=H_{\pi}(X)$
.
. Bn(X) ?









, $Ab^{\sigma}(x_{N}Z)\simeq Z^{N},$ $Ab^{\sigma}(x_{I}^{\sigma}Z)\simeq Z^{I}\sim$
. .
$(x_{N}Z)^{\sigma’}=C_{\sigma}$ , $h:x_{N}Zarrow x_{N}Z$ $h(C_{\sigma})\subset C_{\sigma}$
. $C_{\sigma}/(x_{N}Z)’$ complete mod-U
[1]. Hawaiian earring modulo homotopy
zl(X) G, $B_{1}(X)$




4 [4]. $X,Y$ $X\vee Y$ 1 .
$H_{1}^{T}(X\vee Y)=II_{1}^{T}(X)\oplus H_{1}^{T}(Y)$ .
$H_{1}(X\vee Y)=II_{1}(X)\oplus H_{1}(Y)\oplus II_{1}(CX\vee CY)[2]$





. $H_{n}(X)\simeq H_{n}(Y)$ $H_{n}^{T}(X)\simeq H_{n}^{T}(Y)$
. . $\pi_{1}(Y)\simeq Q$
$Y$ $H$ 1 HV $Y$ $X$ . $H_{1}(H)$ $Q$
[1] , $H_{1}(X)\simeq H_{1}(H)$ .
$H_{1}^{T}(X)$ 4 $Z^{N}\oplus Q$ $H_{1}^{T}(H)$ $Z^{N}$ .
$H_{n}(X)$
$H_{n}^{T}(X)$
. Barratt-Milnor , 2
105
Hawa\"uan earring 2 $ff_{\}$ $0$ 2 $H_{S}^{T}$
Ralph [7]
.
$H_{n}^{T}$ , $H_{n}^{T}$ . Ralph
[7] ,
$\ovalbox{\tt\small REJECT}$ . .
$H_{1}^{T}$ .
5[4]. $X$ $R$ , $H_{1}^{T}(R^{2}\backslash X)\simeq C(X, Z)$
.
$C(X, Z)$ $x\in X$
.
.
: $R^{2}$ $\varphi$ : $H_{1}^{T}(R^{2}\backslash X)arrow C(X,Z)$
. .
$C$ $R^{2}$ . $\epsilon>0$
$\subset C$ $r:Carrow C^{\cdot}$
?
(1) $R^{2}\backslash C$ ;









$\overline{{\rm Im}(\partial_{2})}/{\rm Im}(\partial_{2})\simeq C_{\sigma}/(x_{N}Z)^{t}$ complete mod-U algebraically
compact $H_{1}(H)$ $Z^{\sim}$ algebraically compact torsion-&ee
. $S^{1}$ $(S^{1})^{N}$
one point union one point union $S^{1}\vee S^{1}$ . (
one point union $S^{1}\vee S^{1}$ torsion-free 2
rank $[1, 8]$ )
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